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IMAGE INTENSIFIER CAMERA 

Background of the Invention 

This appHcation claims the priority of PCX KR03/00430, filed on March 6, 2003 and 
2002-17438, filed on March 29, 2002 in the Korean Intellectual Property Office, the 
disclosures of which are incorporated herein in their entirety by reference. 

Technical Field 

The present invention relates to an image intensifier camera, and more particularly to 
an x-ray image intensifier camera capable of rotating an image imaged therein. 

Background Art 

An x-ray image intensifier camera has been widely used in industrial, medical and 
clinical fields. Such an x-ray Image intensifier camera is an apparatus for continuously 
radiating x-ray beams emitted fi*om an x-ray generator onto an object to be examined and 
displaying the result of the x-ray radiation on a monitor. 

An x-ray image intensifier camera system comprises an x-ray generator, an image 
intensifier tube, and an image intensifier camera. The x-ray beams emitted fi-om the x-ray 
generator are transmitted through an object to be examined, are incident onto an input 
window of the image intensifier tube and then are output fi-om an output window of the image 
intensifier tube. The x-ray beams emitted fi"om the output window of the image intensifier 
tube are imaged to produce an image in the image intensifier camera, and then the image is 
converted into electrical signals. The electrical signals produced in the image intensifier 
camera are input to an electrical signal processing unit, such as a computer, and then 
displayed on a monitor as an intensified fluoroscopic image. 

Fig. 1 illustrates an image intensifier camera, in accordance with the conventional art. 

Referring to Fig. 1 , an image intensifier camera comprises a fluoroscopic image 
imaging optical system, an image pickup device 32, and a signal processing circuit 40 which 
are arranged in order fi-om an output window 11 of an image intensifier tube. The 
fluoroscopic image imaging optical system includes a fi"ont lens group 21, an aperture stop 
22, and a rear lens group 23. The fluoroscopic image imaging optical system fiirther includes 
an output window protective window 12, placed between the output window 1 1 of the image 
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intensifier tube and the front lens group 21, and an input window protective window 31, 
placed between the rear lens group 23 and the image pickup device 32. 

To rotate a fluoroscopic image imaged in the image intensifier camera by a certain 
angle, the image pickup device 32 or the entire structure of the image intensifier camera 
5 should be rotated with respect to the image intensifier tube, hi the case of rotating the entire 
structure of the image intensifier camera, the structure of the camera becomes complicated 
and unstable. In the case of rotating only the image pickup device 32, a disc type slip ring is 
required so electrical wires connected to the image pickup device 32 do not get twisted but 
maintain good electrical connections with the image pickup device 32. However, using a slip 
10 ring is disadvantageous in terms of low solidity and instability in electrical connections in 

comparison with a soldering method. Further, a slip ring is disadvantageous in that it tends to 
generate signal noise. 

Disclosure of the Invention 
1 5 Therefore, the present invention has been made in view of the above problems, and it 

is an object of the present invention to provide an image intensifier camera capable of easily 
rotating an image formed therein. 

In accordance with the present invention, the above and other objects can be 
accomplished by the provision of an image intensifier camera comprising a fluoroscopic 
20 image imaging optical system including a front lens group, an aperture stop, and a rear lens 
group, an image pickup device, and a signal processing circuit, wherein the fluoroscopic 
image imaging optical system further includes an image inverse prism which is rotatably 
installed between the front lens group and the rear lens group, reflects incident light beams 
incident thereto a plurality of times, and outputs a mirror image by rotating an original image 
25 and inversing the left and right sides of the original image or the rotated original image. 

Preferably, the image pickup device has an electric circuit for converting the mirror 
image back to the original image. 

Preferably, the image inverse prism is a Pechan prism. 

Preferably, an input window and an output window of the image inverse prism are 
30 planes perpendicular to an optical axis. 

Preferably, in the fluoroscopic image imaging optical system, the front lens group and 
the rear lens group are distanced from each other to have an optical path length the same as 
the cumulative optical path lengths of the Pechan prism there between. 

Preferably, the Pechan prism has refractivity higher than 1.7. 
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Brief Description of the Drawings 
The above and other objects, features and other advantages of the present invention 
will be more clearly understood from the following detailed description taken in conjunction 
5 with the accompeinying drawings, in which: 

Fig. 1 illustrates a schematic view of an image intensifier camera in accordance with 
the conventional art; 

Fig. 2A illustrates a schematic view of an image intensifier camera in accordance with 
the present invention; 

10 Fig. 2B illustrates a perspective view, side views, a top view, accumulative optical 

path length of a Pechan prism included in the image intensifier camera shown in Fig. 2A; and 

Fig. 2C illustrates a schematic view of an image intensifier camera in which all the 
elements excepting a Pechan prism are the same as the image intensifier camera shown in 
Fig. 2A, and the Pechan prism is replaced with an optical system having the same optical path 

1 5 length as the Pechan prism. 

Best Mode for Carrving Out the Livention 
A detailed description of an image intensifier camera in accordance with a preferred 
embodiment of the present invention will be given below with reference to the accompanying 
20 drawings. In drawings, thin solid lines and arrows denote directions of light beams. 

Fig. 2 illustrates a schematic view of an image intensifier camera in accordance with a 
preferred embodiment of the present invention. 

Referring to Fig. 2, an image intensifier camera in accordance with a preferred 
embodiment of the present invention comprises a fluoroscopic image imaging optical system 
25 placed on an optical path, an image pickup device 32, and a signal processing circuit 40. 

The fluoroscopic image imaging optical system comprises a front lens group 21, an 
image inverse prism 50, and a rear lens group 23 which are arranged in order from an output 
window 12 of an image intensifier tube of a fluoroscopic image intensifier camera system. 
The fluoroscopic image imaging optical system has a positive refractivity. 
30 The image inverse prism 50 is rotatably installed between the front lens group 21 and 

the rear lens group 23 to reflect light beams incident thereto a plurality of times, so as to 
allow an original image imaged in the image pickup device 32 to be rotated and for a mirror 
image of the original image to be formed. The rotatable image inverse prism 50 can form a 
mirror image as well as a rotated mirror image that is a left and light inversed image of a 
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rotated original image. In the preferred embodiment of the present invention, the image 
inverse prism is a Pechan prism that reflects light beams five times. On the other hand, since 
the mirror inverse prism 50 outputs the mirror image, the image pickup device 32 contains an 
electric circuit for converting the mirror image back to the original image. 
5 Figs. 2B illustrates an example of the Pechan prism, and Fig. 2C illustrates two side 

views, a top view of the Pechan prism and a schematic view of a cumulative optical path 
length of the Pechan prism. 

Referring to Fig. 2B, assuming that a length of a side of a square of the Pechan prism 
is "A", the cumulative optical path length t of the Pechan prism is about 4.62 13 A. 

10 Since optical path lengths are cumulated in the Pechan prism, the fi-ont lens group 21 

and the rear lens group 23 are separated from each other by a distance to have an optical path 
length T the same as the cumulative optical path lengths of the Pechan prism there between, 
so as for a high resolution image to be imaged in the image pickup device 32. 

The reason that the optical path length T between the front lens group 21 and the rear 

15 lens group 23 should be the same as the cumulative optical path length of the Pechan prism is 
because that in the case of testing an image intensifier camera in which a Pechan prism is 
included in the fluoroscopic image imaging optical system, error caused by the image 
intensifier camera equals the total value of errors caused by the fi-ont lens group 21, the rear 
lens group 23 and the Pechan prism. Accordingly, it is difficult to determine which part of 

20 the image intensifier camera causes what degree of error. Accordingly, for the image 
intensifier camera, the Pechan prism is separately tested from other parts of the image 
intensifier camera and any error detected in the test are corrected by correcting the Pechan 
prism. The other parts of the image intensifier camera are tested under a situation in which 
the Pechan prism is replaced with a different optical system having the same material as the 

25 Pechan prism and an optical path length the same as the cumulative optical path length of the 
Pechan prism between the front lens group 21 and the rear lens group 23. Then, any errors 
detected in the test are corrected by adjusting the lenses in the other parts of the image 
intensifier camera. Afler completing the testing and correction of the Pechan prism and the 
lenses, the adjusted lenses are combined with the corrected Pechan prism so that the image 

30 intensifier camera operates stably. 

Here, the substituted optical system provided between the front lens group 21 and the 
rear lens group 23 to replace the Pechan prism is required to have a length 4.5 times greater 
than a maximum diameter of the aperture stop 22. Further, to minimize the optical path 
length of the substituted optical system, since the optical path length of the substituted optical 
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system is about 4.62 13 A/re fractivity of the Pechan prism, it is preferable that the refractivity 
of the Pechan prism is high. Actually, in designing an optical system, when the refractivity is 
greater than 1.7, effective aberration correction is possible. 

Further, it is preferable that faces of the image inverse prism 50, which face an object 
5 to be examined, have a plzme shape. The faces include an input face or an input window and 
an output face or an output window, which is preferably the top surface of the image inverse 
prism 50. Further, it is preferable that the Pechan prism is installed in such a manner that the 
input window and the output window of the Pechan prism are arranged to be perpendicular 
with respect to an optical axis. 

10 Further, it is preferable that light beams are substantially perpendicularly incident 

onto the input window of the image inverse prism 50. To limit sizes of the input window and 
the output window of the image inverse prism, in the case that a size of an object to be 
examined is greater than that of an image imaged in the image pickup device 32, the aperture 
stop 22 is placed between the image reverse prism 50 and the image (or the image pickup 

15 device 32), the front lens group has a negative refractivity and the rear lens group has a 
positive refractivity. Further, in the case that the object to be examined is smaller than the 
image, the aperture stop 22 is placed between the image inverse prism 50 and the object to be 
examined, the front lens group 21 has a positive refractivity and the rear lens group 23 has a 
negative refractivity. 

20 

Industrial Applicability 
As apparent from the above description, the present invention provides an image 
intensifier camera in which an image inverse prism is installed on an optical path to rotate an 
25 image formed therein, so that a structure of the image intensifier camera becomes simpler, a 
volume of the image intensifier camera is reduced, an image produced by the image 
intensifier camera can be easily rotated, and an image quality is stabilized and improved. 

Although the preferred embodiments of the present invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, 
30 additions and substitutions are possible, without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 
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